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Magazinehave not been thought to live in family 
groups. But there is now increasing 
evidence that this may not be as rare 
as previously thought. Kin-based 
family living similar to that of Egernia 
has been observed in the desert night 
lizard (Xantusia vigilis). And there 
are probably several more cases of 
family living in lizards, as there is 
evidence of group aggregations also 
in cordylids, agamids and geckos. 
But to show that these are kin groups 
we need genetic confi rmation. One of 
the reasons for the uncertainty is that 
group living is often more cryptic than 
it is in other animals. Even for Egernia, 
social associations are often only 
identifi ed by long-term fi eld studies 
and molecular assignment of kinship. 
A growing appreciation that lizards can 
help us understand the early steps in 
the evolution of animal societies and 
recent technological advances may 
encourage biologists to pay greater 
attention to the diversity of lizard 
social life. 
Why is family living so common in 
Egernia if it is rare in other lizards? 
Several reasons: fi rst, Egernia take 
several years to reach maturity 
and have low turnover of breeding 
adults. Second, many species rely 
heavily on crevice and burrow sites 
that are limited but long-lasting. 
In extreme cases these consist of 
small rocky outcrops separated 
by tens or hundreds of metres of 
unsuitable habitat. This promotes a 
sedentary life, makes natal dispersal 
costly, and thus makes it possible to 
gain inclusive fi tness benefi ts from 
relatives (i.e., kin selection). Third, 
Egernia are live-bearing, which allows 
parents to recognize and interact 
with their offspring. It may in fact be 
a small evolutionary step for live-
bearing territorial species to evolve 
parental care, particularly in long-lived 
species where competition for space 
is intense. Interestingly, most other 
lizard species that are suspected to 
live in family groups share these basic 
characteristics. 
Habitat constraints, life history traits, 
kin selection… this all sounds very 
similar to other family living taxa? 
Yes, it is. Evolution is often convergent. 
Ranging from bacteria to large 
mammals, complex social organisation tends to emerge when ecological 
conditions impose constraints that 
make close kin interact. Egernia are no 
different. However, the Egernia, with 
their large diversity in social behaviour, 
can really help us to understand the 
early stages in the evolution of family 
living. Complex social behaviours, 
such as parental provisioning and 
cooperative breeding, have their origins 
in relatively simple traits, such as 
long-term monogamous male–female 
pair bonds, territoriality or guarding of 
offspring. The Egernia provides us with 
an opportunity to address how these 
simple social traits may have infl uenced 
the initial origins of kin-based sociality. 
Horses come in herds, fi sh in 
schools, birds in fl ocks… what 
should I call a group of Egernia if I 
ever see one? There is currently no 
collective noun for a group of Egernia. 
However, given their highly aggressive 
nature we propose that a group of 
Egernia should be called a ‘fury’. 
Where can I fi nd out more?
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Several animals are renowned 
for their cognitive skills, such as 
tool use, metacognition or social 
learning. However, it remains 
puzzling why some species excel 
whereas others — sometimes even 
closely related ones — do not 
[1,2]. Archerfish show a remarkable 
assembly of skills in the context 
of their unique hunting behavior in 
which they down aerial prey with 
shots of water [3,4]. Hoping to find 
ecological factors behind these skills, 
we have over the past years regularly 
traveled to archerfish mangrove 
habitats in Thailand (Figure 1A). One 
of our most consistent findings was 
the presence of other surface-feeding 
fish, particularly the similar-sized 
halfbeak Zenarchopterus buffonis, 
wherever we spotted groups of 
archerfish (Figure 1A; Supplemental 
movie S1). We describe here that 
Zenarchopterus is superbly equipped 
with water-wave detectors, rapidly 
detects the impact of prey even in the 
dark, is active at all times, is usually 
more numerous than archerfish and 
supplements its capabilities with 
visual skills. Without sophisticated 
additions to their hunting technique 
archerfish would thus lose most 
of their downed prey to halfbeaks. 
We suggest that the evolution of 
several skills of archerfish may have 
thus been influenced not only by 
intraspecific competition [5] but also 
by competition with other surface-
feeding fish species. 
Remarkably, Zenarchopterus fed 
on all food items that archerfi sh 
shot down in our experiments, e.g. 
crickets, fl ies, beetles or pieces of 
bread. By nightfall, archerfi sh quickly 
ceased to catch food, whereas 
Zenarchopterus remained active 
(Figure 1B). However, when tested 
Correspondence©2015 Elsevier Ltd All rights reserved R595
Current Biology
Magazine
B
D
Chumphon
Trat
Bangkok
Ranong
Ao Phang-
    Nga
Phuket
Ko Yao
 Noi & Yai
Krabi
A
Time [pm]
Ab
un
da
nc
e
[%
]
Lu
m
in
an
ce
[cd
/m
2 ]
Fe
ed
in
g
tri
al
s 
06:00 06:06 06:12 06:18
0
50
100
0
4
8
06:24 06:30 06:36
C
N
um
be
r o
f s
up
er
fic
ia
l
n
e
u
ro
m
a
st
s
0
400
800
1200
DorsalLateral1600
n.s.
**
n=3 n=3 F
re
qu
en
cy
Mixed
n = 122
n = 121
n = 92
n = 75
Time relative impact [s]
0.0
0.2
0.4
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
n = 51
n = 48
‘Splash’ 
0.0
0.2
0.4
0.0
0.2
0.4
>
=
<
=1 =10
‘Splash’ 
‘Splash’ 
Mixed
Alone
0.5 mm 0.5 mm
1.0 mm
1.0 mm
Figure 1. Competition drives sophisticated visual behaviors. 
(A) The halfbeak Zenarchopterus outnumbered archerfi sh at most locations in Thailand. Columns 
report independent sampling of abundance of halfbeaks (left in inset) relative to archerfi sh (right in 
inset). (B) Halfbeaks but not archerfi sh continue to catch falling food in the dark. Timing of feeding 
trials, light level and abundance at feeding site are indicated. (C) Zenarchopterus has more (means ± 
s.d.), larger and regularly patterned (details with location indicated) dorsal superfi cial neuromasts [10]. 
(D) Not only archerfi sh but also the halfbeaks trigger starts already by visually monitoring the falling 
motion of food (red: start, blue: end of turn) as implied by the occurrence of pre-impact responses 
and independence of the timing of these responses on archerfi sh being present (mixed) or not (alone).in the laboratory — in absence of 
halfbeaks — they did hunt at night 
and were fully capable of downing 
prey at 0.001 cd/m2 (103 hits in 103 
tests, 35 cm target height). However, 
they appeared lost in subsequently 
locating their downed prey: 40% of 
catches occurred after our maximum 
recording time of 3.8 seconds 
(median time to catch > 2.7 s; 
n = 103). The halfbeaks, in contrast, 
responded quickly in the dark (median 
latency after impact: 178 ms; n = 16; 
recordings in the wild) and had caught 
prey long before the archerfi sh would 
(p < 0.001, U test). A closer look 
at the surface-wave detecting free 
neuromasts reveals that the halfbeaks 
are particularly well equipped for 
detecting water waves, whereas 
archerfi sh are not (Figure 1C). 
Members of both species carry 
similar numbers of lateral superfi cial 
neuromasts, but the halfbeaks excel 
with densely packed, regularly 
patterned and large neuromasts 
on their dorsal body surface — the R596 Current Biology 25, R585–R599, July region that is crucial for detecting 
surface waves [6]. 
These fi ndings suggest that 
archerfi sh need sophisticated visual 
capabilities to outperform their many 
and otherwise superior competitors. 
One such behavior that apparently 
fails in the dark is the archerfi sh 
predictive start: in this behavior, the 
fi sh squeeze into the shape of a ‘C’ 
and accelerate by pushing water off 
in a subsequent rapid straightening 
phase. This maneuver is driven by 
visual information and aligns the fi sh 
to the later point of prey impact — 
while prey is still falling  — and even 
determines the speed needed to 
arrive in time [5,7]. In the fi eld, low 
and spatiotemporally inhomogeneous 
visual contrast of the falling prey, 
water waves and the presence of 
many obstacles (including other fi sh) 
might compromise the effi ciency 
of this maneuver. Furthermore, the 
competitors might also be using visual 
strategies. Nevertheless, we regularly 
recorded successful predictive starts 20, 2015 ©2015 Elsevier Ltd All rights reservedin the fi eld, regardless whether prey 
was dislodged by an archerfi sh 
(Supplemental movie S2) or set 
into motion by the experimenter 
(Supplemental movie S3). In the 
experiments of Figure 1D all 
archerfi sh in a scene responded with 
a predictive C-start to the onset of 
prey falling. Moreover, their predictive 
starts secured the catch to one of the 
archerfi sh in an impressive 98.4% of 
trials. 
What makes this high success 
rate particularly interesting is 
that one-fourth of the halfbeaks 
(median = 27% in 122 trials) also 
used vision to initiate pre-impact 
responses (Figure 1D). Their starts 
were initiated later (p < 0.001, U test; 
median latency 253 ms) than the 
archerfi sh starts (median latency 90.0 
ms) and were fi nished only after prey 
impact (difference from archerfi sh 
p < 0.001, U test). However, they 
were triggered visually by the falling 
food and not by starting archerfi sh: 
response latency (p = 0.81, U test) 
and time to complete the response 
(p = 0.49, t test) did not depend on 
whether archerfi sh were present 
or not (Figure 1D; Supplemental 
movie S4). Moreover, vision appeared 
to also provide directional information 
in the halfbeak pre-impact responses. 
This is suggested by experiments — 
carried out in absence of archerfi sh — 
in which food fell vertically but an 
attached fi lament prevented it from 
hitting the water surface and thus 
from providing mechanosensory 
information (Supplemental movie S5). 
Halfbeaks thus share with archerfi sh 
the capability of using vision to speed 
up their responses to falling food. 
This way they can trigger responses 
already before prey impact — 
whereas using mechanosensors 
works only after impact and requires 
additional time to sample the 
incoming water waves [8]. While the 
archerfi sh’s sophisticated predictive 
start is far superior in securing 
ballistically falling prey this advantage 
is quickly lost as it darkens. This 
would explain why archerfi sh stop 
hunting by nightfall in the wild but 
readily continue when halfbeaks are 
absent. Relying on their predictive 
start to secure prey in the presence 
of halfbeaks thus restricts hunting to 
daytime. This in turn requires further 
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Table 1: Share of goalkeeper dives in the opposite direction to the last kick’s direction, 
by data set 
Number of repeated 
kicks in the same 
direction
Misirlisoy and 
Haggard [2] deltatre
Misirlisoy and 
Haggard [2] 
and deltatre Lab experiment
(1) (2) (3) (4)
1 0.535 0.542 0.529 0.519
(0.214) (0.166) (0.210) (0.234)
[159] [153] [221] [426]
2 0.576 0.531 0.537 0.540
(0.134) (0.354) (0.269) (0.185)
[66] [64] [95] [150]
3 0.688 0.556 0.577 0.453
(0.105) (0.407) (0.279) (0.809)
[16] [18] [26] [64]
All observations 0.559 0.547 0.542 0.516
(0.037)** (0.079)* (0.062)* (0.217)
[247] [243] [354] [653]
Entries give the share of goalkeeper dives in the opposite direction to the last kick’s direction fol-
lowing runs of one, two, and three repeated kicks in the same direction. Entries in curly brackets 
give the p-values of an exact one-sided binomial test (H0: p = 0.5 vs. H1: p > 0.5), entries in 
squared brackets give the number of observations in each cell. Columns 1 and 2 use data by 
Misirlisoy and Haggard [2] and deltatre, respectively. Column 3 adds data from deltatre on the 
Champions League and the World Championship 2014 to the data by Misirlisoy and Haggard [2]. 
Column (4) uses data from the lab experiment.skills — such as visual search [9], 
adaptations to increase shooting 
range [4] or ways to learn effi ciently 
[3] — to cope with the apparently few 
prey items available during the day 
(Supplemental information). 
SUPPLEMENTAL INFORMATION
Supplemental Information including experi-
mental procedures, one fi gure and fi ve movies 
can be found with this article online at http://
dx.doi.org/10.1016/j.cub.2015.06.005.
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fallacy in penalty 
shootouts
Sebastian Braun1,* 
and Ulrich Schmidt1,2,*
A well-known bias in subjective 
perceptions of chance is the 
gambler´s fallacy: people typically 
believe that a streak generated by 
a series of independent random 
draws, such as a coin toss, becomes 
increasingly more likely to break 
when the streak becomes longer 
[1]. In a fascinating study, Misirlisoy 
and Haggard [2] analysed sequential 
behavior of kickers and goalkeepers 
in penalty shootouts. They report 
that goalkeepers are prone to the 
gambler’s fallacy: after a series of 
three kicks in the same direction, 
goalkeepers are more likely to dive 
in the opposite direction at the next 
kick. Here we argue, fi rst, that a 
binomial test is more appropriate for 
CorrespondenceCurrent Biology 25, R585–R599, July 20, 2015testing gambler’s fallacy than the 
tests employed by Misirlisoy and 
Haggard [2], and second, that penalty 
shootouts may not be well-suited 
to analyze the gambler’s fallacy. 
Using a binomial test, we neither fi nd 
statistically signifi cant evidence for 
gambler’s fallacy in Misirlisoy and 
Haggard’s [2] original data, nor in 
extended data, nor in data from an 
idealised laboratory experiment that 
we ran to address the second point. 
In line with Misirlisoy and Haggard’s 
[2] original result, we do, however, 
fi nd evidence for a systematic pattern 
of goalkeeper’s behavior that kickers 
could exploit.
The dataset of Misirlisoy 
and Haggard [2] — henceforth 
referred to as M&H — includes 16 
observations where one can observe 
the goalkeeper’s behavior after a 
series of three consecutive kicks in 
the same direction. In 11 out of 16 
cases, the goalkeeper dived in the 
direction opposite to the last kick’s 
direction. This observation would 
constitute evidence in favor of a 
gambler’s fallacy if it would allow 
us to reject the null hypothesis that  ©2015 Elsevier Ltd All rights reserved R597
